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@ Solid oxide fuel cells. 



@ A solid oxide fuel cell has a plurality of cylindrical solid oxide fuel cell elements (30). Each of the fuel 
cell elements at least has a fuel electrode (6), a solid electrolyte (5) and an air electrode (1). A 
multi-contact point type current-collecting member (9) contacts the fuel electrode (6). The fuel 
electrode of an upper fuel cell element is electrically connected to the air electrode of an adjacent lower 
fuel electrode element through the multi-contact point type current-collecting member (9) and an 
interconnector (8). The multi-contact point type current-collecting member is contacted with substan- 
tially the entire surface of the fuel electrode. Losses due to resistance in the fuel electrodes are 
minimized. 
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The present invention relates to s lid oxide typ 
fuel cells. 

Recently, fuel cells have been noted as power 
g nerating equipments. Such a fuel cell is an equip- 
ment capable of directly converting chemical energy 
possessed by fuel to electric energy. Since the fuel 
cell is free from limitation of Camof s cycle, the cell is 
an xtremely promising technique in that the fuel cell 
essentially has a high energy conversion efficiency, a 
variety of fuels (naphtha, natural gas, methanol, coal 
reformed gas, heavy oil, etc,) may be used, and the 
cell provokes less public nuisance, and its power 
generating efficiency is not influenced by the scale of 
the equipment Particularly, since the solid oxide fuel 
c II (hereinafter referred to as a SOFC°) operates at 
high temperatures of 1 ,000°C or more, activity of elec- 
trodes is extremely high. Thus, completely no catalyst 
of a noble metal such as expensive platinum is neces- 
sary. In addition, since the SOFC has low polarization 
and relatively high output voltage, its energy conver- 
sion efficiency is conspicuously higher than that in the 
other fuel cells. Furthermore, since their constituent 
materials are all solid, SOFC is stable and has long 
use life. 

Fig. 2 is a front view of illustrating a part of a fuel 
cell in which such cylindrical SOFC elements are 
arranged. 

In Fig. 2, an air electrode 12 is provided on the 
outer periphery of a cylindrical ceramic support body 

1 1 , and a solid electrolyte 5 and a fuel electrode 6 are 
arranged along the outer periphery of the air electrode 

12. Further, an interconnector 7 is provided on the air 
lectrode 1 2 in an upper zone as viewed in Rg. 2, and 

a connection terminal 8 is attached onto the intercon- 
nector 7. Thereby, the cylindrical SOFC element 40 is 
constituted. In Fig. 2, the air electrode 12 is connected 
to the fuel electrode between the upper and lower 
adjacent cylindrical SOFC elements 40 through the 
interconnector 7, the connection terminal 8 and a 
m tallic felt 19 so that a plurality of cylindrical SOFC 
el ments 40 may be connected in series in the vertical 
direction. Further, the fuel electrodes 6 of the laterally 
adjacent cylindrical SOFC elements 40 are connected 
by a metallic felt 19 so that a plurality of the cylindrical 
SOFC elements 40 may be connected In parallel in 
the lateral direction. Current is collected by metallic 
plates 20. 

When the cylindrical SOFC elements are to be 
operated, the oxidizing gas containing oxygen is pas- 
sed through cylindrical spaces 13 inside the elements 
40, whereas a fuel gas such as hydrogen gas or car- 
bon monoxide passes in a space 21 among the cylin- 
drical SOFC el ments 40 along the outer peripheries 
of the fuel electrodes 6. 

lntheSOFCshownlnFlg.2,e!ectri current fl ws 
in directions indicated by arrows F from the air elec- 
trod to the fuel electrode, and further flows through 
the filmy air electrode 12 and fuel el ctrode 6 in direc- 



tions indicated by arrows D and E, resp ctively. 
Therefore, since current flows through a narrow sec- 
tion over a long distance, some of current is converted 
to and consumed as Joule heat by an ohmic resist- 
5 ance. 

It is therefore an object of the present invention to 
provide a solid oxide fuel celt (SOFC) which can 
reduce loss of current due to the ohmic resistance of 
the fuel electrode and the air electrode, and improve 
10 the power generation efficiency. 

The present invention relates to the solid oxide 
fuel cell comprising a plurality of cylindrical solid oxide 
fuel cell elements arranged, each of said fuel cell ele- 
ments at least comprising a fuel electrode, a solid 
15 electrolyte and an air electrode, and a multi-contact 
point type current-collecting member contacted to the 
fuel electrodes, the fuel electrode and the air elec- 
trode being electrically connected between the adja- 
cent solid oxide fuel cell elements at least through the 
zo multi-contact point type current-collecting member 
and the interconnector, wherein the multi-contact 
point type current-collecting member is contacted with 
the substantially entire surface of the fuel electrode. 
The passage "the multi-contact point type cur- 
25 rent-collecting member is contacted with the entire 
surface of the fuel electrode 0 involves not only a case 
where the multi-contact point type current-collecting 
member is completely contacted with the entire sur- 
face of the fuel electrode but also a case where such 
30 a slightly poor contact area which does not give sub- 
stantially no adverse effect remains to some extent 
These and other optional features and advan- 
tages of the invention will be appreciated upon read- 
ing of the following description of the invention when 
35 taken in conjunction with the attached drawings, with 
the understanding that some modifications, variations 
and changes of the same could be made by the skilled 
person in the art to which the invention pertains. 
For a better understanding of the invention, refer- 
40 ence is made to the attached drawings, wherein: 

Fig. 1 is a front view of a part of an SOFC accord- 
ing to an embodiment of the present invention; 
and 

Fig. 2 is a front view of a part of the conventional 

45 SOFC. 

Fig. 1 is a front view of one embodiment of a part 
of the SOFC of the present invention. 

In the SOFC of this embodiment, a double wall 
structure ceramic pipe 1 , which is made of a conduc- 

50 tive material and has a closed bottom portion not 
shown, is used. The ceramic pip 1 is of a double wall 
structure consisting f a bottom-dosed air electrode 
1a having a bottom and an oxidizing gas feed pipe 1c 
having opposite ends opened. Th bottom-closed 

55 cylindrical air electrod 1a is integrally connected with 
th oxidizing gas feed pipe 1c by means of, for 
example, eight band-like and radially extending ribs 
1b. It is preferable that th bottom-dosed air electrode 
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1a, the band-like ribs 1b and the oxidizing gas feed 
pipe 1c are made of the same air electrode material, 
and formed integrally by extrusion shaping. 

As is the same with the embodiment in Fig. 2, a 
solid electrolyte 5, a fuel electrode 6, an interconnec- 
ted 7 and a connection terminal 8 are successively for- 
med around the outer periphery of the ceramic pipe 1 , 
thereby forming an SOFC element 30. 

The outer periphery of the fuel electrode 6 is sub- 
stantially entirely contacted and covered with a nickel 
felt 9. The nickel felts 9 which cover the fuel elec- 
trodes 6 of the laterally adjacent SOFC elements 30 
are connected and integrated. In Fig. 1, the nickel felt 
9 of the SOFC element 30 is contacted with the con- 
nection terminal of the vertically adjacent SOFC ele- 
ment 30, so that the fuel electrode 6 of the SOFC 
element may be electrically connected to the bottom- 
closed cylindrical air electrode 1a of the vertically 
adjacent SOFC element 30 through the connection 
terminal 8, the interconnected 7 and the nickel felt 9. 

Gaps among the nickel felts 9 covering the outer 
p ripheries of the fuel electrodes 6 of the SOFC ele- 
ments 30 are filled with electrically insulating spacers 
: filler) 10 having a substantially rhombic section to 
bury dead spaces. 

The ceramic pipe 1 may be made of a ceramic 
material, such as LaMn0 3 , CaMn0 3l LaNiOs, LaCo0 3 
or LaCr0 3 , doped or not doped. Among them, 
LaMn03 doped with Sr is preferred. Around the outer 
periphery of the ceramic pipe 1 is arranged the gas- 
fight solid electrolyte 5 having pores of about 1 um to 
100 urn and composed of zirconia typically stabilized 
with ytiria. When the solid electrolyte 5 is applied to 
the outer periphery of the air electrode, the air elec- 
trode is masked in a selected area in the longitudinal 
direction, and the interconnector 7 is attached to this 
selected area. The interconnector 7 must be electri- 
cally conductive under an oxygen atmosphere and a 
fuel atmosphere. The thickness of the interconnector 
7 is preferably 5-100 um. In the SOFC element 30, 
that surface portion of the solid electrolyte which is 
other than the interconnector 7 is surrounded with the 
fuel electrode 6 functioning as an anode. In general, 
the fuel electrode 6 is 30-100 um in thickness, and 
made of nickel-zircon ia cermet, cobait-zirconia cer- 
met or the like. 

The connection terminal 8 is attached to the 
upper portion of the interconnector 7. As the material 
for the connection terminal 8, for example, nickel-zir- 
conia cerm t, cobait-zirconia cermet, nickel and the 
like may be recited. 

During peration, the fuel gas flows along the 
outer periphery of the fuel electrode 6. On the other 
hand, the xidizing gas is first fed into the space 3 
insid the oxidizing gas feed pip 1c, flows inside th 
the oxidizing gas feed pipe 1c, and reaches the end 
poiti n of the SOFC element 30. Then, the oxidizing 
gas impinges upon the bottom portion of the bottom- 



closed cylindrical air electrode 1a and turned bade 
there, and the oxidizing gas flows into the oxidizing 
gas flow paths 4 divided by the band-like ribs 1b and 
is discharged through an opening of the SOFC ele- 
5 ment When the oxidizing gas passes through the 
oxidizing gas flow paths 4, oxygen in the oxidizing gas 
generates oxygen ions at the interface between the 
air electrode 1a and the solid electrolyte 5. The 
oxygen ions thus generated moves toward the fuel 
w electrode 6 through the solid electrolyte 5, and react 
with the fuel and simultaneously liberate electrons to 
the fuel electrode 6. 

According to the SOFC of the present invention, 
the following effects can be obtained. 
15 (1) Since the nickel felt 9 contacts with the sub- 
stantially entire surface of the fuel electrode 6, 
current is collected in directions orthogonal to the 
fuel electrode film 6 as shown by arrows A, and 
flows inside the nickel felt 9 as shown by arrows 
20 C. Therefore, the distance through which the cur- 
rent passes inside the fuel electrode 6 having a 
great specific resistance can be shortened. Thus, 
since loss of current due to Joule heat is small, 
the power generating efficiency can be largely 
25 improved. 

(2) Since the band-like ribs 1b and the oxidizing 
gas feed pipe 1c are made of the same material 
as that of the air electrode, current flows along the 
ribs 1b and the feed pipe 1c as shown by the 

30 arrows B, so that the current loss can be further 
lessened. 

(3) Since the nickel felts 9 are pressed to the fuel 
electrodes 6 by filling the insulating spacers 10 in 
the gaps among the nickel felts 9, no poor contact 

35 is likely to occur between them even when the 
nickel felts 9 are slightly deformed on use at high 
temperatures. 

(4) Since the SOFC according to the present 
invention has the structure in which the nickel felt 

40 9 is contacted with the substantially entire surface 
of the fuel electrode 6 and the insulating spacer 
10 is filled in the gaps so as to uniformly support 
the brittle SOFC element 30 by small forces over 
a wide area, occurrence of excessive stresses 

45 upon the SOFC element 30 can be prevented to 
enhance reliability of the entire group of the ele- 
ments. 

(5) Since the oxidizing gas feed pipe 1c is integ- 
rally connected with the bottom-provided air elec- 

so trode 1a by means of the band-like ribs 1b, the 
oxidizing gas feed pipe 1c can be assuredly 
located, and variations In performances originat- 
ing from deviation in relative posffion between the 
oxidizing gas feed pipe 1c and the bottom-dosed 

55 air electrode 1a can b completely diminished. 
Furthermore, since the ribs 1b radially ext nd 
from the oxidizing gas feed pip 1c, mechanical 
strength of the SOFC elem nt 30 can be remark- 
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ably increased from the standpoint of theory of 
structure, dynamic 

The above embodiment can be modified in vari- 
ous ways. 

Although the nickel felt is used as the multi-con- s 
tact point type current-collecting member is used, a 
current-collecting member such as a needle-like cur- 
rent-collecting member, a comb-like heat resistive 
metal current-collecting member, a metallic wocj-iike 
current-collecting member or the like may be usetf 10 
instead of the nickel felt At that time, it is preferable 
that the multi-contact point type current-collecting 
member is made of a heat resistive metal, and has 
elasticity even at high temperatures of around 
1 ,000°C. In addition, the multi-contact point type cur- is 
rent-collecting member may be produced from an 
electrically conductive material such as an electrically 
conductive ceramic, a ceramic-covered metal or the 
like other than the heat resistive metal. 

Furthermore, it is not necessarfly indispensable 20 
t use the above double wall structure ceramic pipe. 
It may be that an oxidizing gas feed pipe made of a 
heat resistive metal is inserted into a space inside a 
bottom-closed air electrode, and the oxidizing gas is 
fed into the space inside the cylindrical air electrode 25 
through the oxidizing gas feed pipe to generate elec- 
tricity. 

Moreover, the present invention is not limited to 
the bottom-closed cylindrical SOFC having one end 
closed, but the invention may be also applied to oppo- 30 
site end-opened SOFC in which cylindrical SOFC ele- 
ments are accommodated. 

According to the solid oxide fuel cell of the pre- 
sent invention, since the multi-contact point type cur- 
rent-collecting member is contacted with the 35 
substantially entire surface of the fuel electrode, cur- 
rent is collected in the directions orthogonal to the fuel 
lectrode, so that current flows inside the multi-con- 
tact point type current-collecting member, and further 
flows into the air electrode of the adjacent solid oxide 40 
type fuel cell element at least through the interconnec- 
tor. Therefore, since the distance through which cur- 
rent flows inside the fuel electrode having great 
specific resistance can be shortened, loss of current 
due to Joule heat can be reduced to remarkably 45 
improve the power generating efficiency. 



Claims 

50 

1. A solid oxide fuel cell comprising a plurality of 
cylindrical solid oxide fu I cell elements, ea hof 
said fuel cell elements at least comprising a fuel 
electrode, a solid electrolyte and an air lectrode, 
and a multi-contact point type current-coll cting 55 
member contacting the fuel lectrode the fuel 
electrod of at least one fuel cell element being 
electrically connected to the air electrode of a 



solid oxid fu I cell element adjacent thereto 
through th multi-contact point typ current-col- 
lecting member and an interconnector, wherein 
said multi-contact point type current-collecting 
member is contacted with the entire surface of the 
fuel electrode. 

2. The solid oxide fuel cell according to Claim 1, 
wherein each of the solid oxide fuel cell elements 
comprises an air electrode pipe, the solid electro- 
lyte and the fuel electrode successively formed 
around an outer periphery of said air electrode 
pipe, the interconnector formed on a part of the 
outer periphery of the air electrode and a connec- 
tion terminal formed on the interconnector. 

3. The solid oxide fuel ceO according to Claim 2, 
wherein the air electrode pipe is a double wall 
structure pipe consisting of a bottom-provided 
cylindrical air electrode, an oxidizing gas feed 
pipe having opposite ends opened and located 
inside air electrode, and ribs integrally connecting 
the air electrode and the oxidizing gas feed pipe. 

4. The solid oxide fuel cell according to Claim 3, 
wherein said air electrode, said oxidizing gas feed 
pipe and said ribs are made of an identical ma- 
terial selected from LaMn03, CaMn0 3 , LaNi0 3 , 
LaCoOs, and LaCr03 which is doped or not 
doped. 

5. The solid oxide fuel cell according to Claim 1, 
wherein gaps formed between the cell elements 
are formed with electrically insulating spacer ma- 
terial. 
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